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D scription 

This Invention relates to an Improvement In a 
process for multi-step gas-phase polymeriza- 
tion of olefins, in which olefins are polymerized 
in the gaseous phase In at least two 
independent gas-phase polymerization zones 
advantageously both in regard to operation and 
apparatus while feeding a catalyst-containing 
polymer formed in a first polymerization zone to 
a second polymerization zone. In particular. It 
relates to an improved multi-step gas-phase 
polymerization process which Is suitable for 
easily adjusting the molecular weight dis- 
tribution and/or chemical composition dis- 
tribution of the final olefin polymer composition 
to desired values by producing olefin polymers 
having different molecular weights and/or 
chemical compositions In two gas-phase poly- 
merization zones. 

In the present application, the term "poly- 
merization" denotes not only homo- 
polymerization but also co-polymerization, and 
the term "polymer" denotes not only a homo- 
polymer but also a copolymer. 

Improvements of transition metal catalyst 
components for olefin polymerization have 
made it possible to produce olefin polymers in 
an amount of at least about 5,000 g per 
milllmole of transition metal, and at the present 
level of technology, the operation of removing 
catalyst after polymerization can be omitted. 
When such a highly active catalyst Is used, a 
gas-phase process for polymerizing olefins Is 
attracting attention because the operation after 
polymerization Is very simple. 

Olefin polymers are molded into articles by 
various methods, and the molded articles are 
used In many fields. It Is Important therefore to 
provide olefin polymers having various desired 
molecular weight distributions and/or chemical 
composition distributions depending upon the 
method of molding and the intended use of the 
molded article. The molecular weight dis- 
tribution, etc. can be adjusted by varying the 
type, composition and amount of the 
polymerization catalyst or the polymerization 
conditions. In a process in which polymeriza- 
tion is carried out only in one polymerization 
zone, there Is a limit In an area in which the 
molecular weight distribution, etc. can be 
adjusted. In order to eliminate such a limitation, 
there Is known a process which comprises 
polymerizing olefins In the gaseous phase in the 
presence of a catalyst composed of a transition 
metal component and an organometalllc 
compound of a metal of Groups 1 to 111 of the 
periodic table in the copresence of a hydrogen 
gas In a first gas-phase polymerization zone and 
a second gas-phase polymerization zone, which 
are provided independentiy from each other, 
while feeding a catalyst-containing polymer 
formed in the first zone to the second zone, 
wherein polymers having different molecular 
weights are formed in the individual zones so as 



to adjust the molecular weight distribution, etc. 
of the resulting polymer composition (Japan- 
ese Laid-Open Patent Publication No. 
145589/1976 corresponding to U. S. Patent 

s 4,048,412). 

In actual practice, however, such a multi-step 
gas-phase polymerization method suffers from a 
trouble which makes It difficult to adjust the 
molecular weight distribution and/or chemical 

fo composition distribution of the resulting olefin 
polymer composition to the desired values. For 
example, to obtain the desired molecular 
weight, it is usual to perform the polymeriza- 
tion In the presence of a molecular weight con- 

fs trolling agent such as hydrogen gas Introduced 
into the polymerization zone. It has been found 
however that when the multi-step gas-phase, 
polymerization process is carried out while 
adjusting the molecular weight by such a 

20 molecular weight controlling agent, it gives rise 
to a new technical problem to be solved which 
does not exist In solution polymerization or 
suspension polymerization. 

For example, a polymerization process 

29 comprising forming a polymer of a relatively low 
molecular weight in a first zone and a polymer 
of a relatively high molecular weight in a second 
zone, which is industrially advantageous In 
operating the Individual steps at neariy the 

30 same polymerization pressure and obtaining 
olefin polymers having different molecular 
weights in the individual steps, suffers from 
troubles associated with the operation and 
apparatus of gas-phase polymerization. 

3S One of such troubles is as follows: The 
polymer-containing product flow from the first 
polymerization zone In which a polymer having 
a relatively low molecular weight is produced 
contains hydrogen in an amount considerably 

4o larger than that of hydrogen required as a 
molecular weight controlling agent In the 
second gas-phase polymerization In which a 
polymer of a relatively high molecular weight Is 
to be produced. Accordingly, when the polymer- 

45 containing product flow from the first 
polymerization zone Is directly fed to the second 
polymerization zone so as to produce a polymer 
of a higher molecular weight therein, it is 
necessary to reduce the ratio of hydrogen to 

so olefin, and accordingly, it Is necessary to supply 
additionally an exceedingly large amount of 
olefin to the second polymerization zone. Con- 
sequently, It is necessary to Increase the scale 
of the second gas-phase polymerization zone to 

ss the one which is disadvantageous to operation 
and apparatus, or the polymerization pressure of 
the second gas-phase polymerization zone must 
be made considerably high than that in the first 
polymerization zone. This increases the cost and 

50 is disadvantageous to operation and apparatus. 
* Particulariy, in the latter case. It Is technically 
difficult to feed the catalyst-containing product 
flow formed in th first zone t the second zone 
maintained at a higher pressure. 

65 The present inventors made extensive 
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investigations in order to achieve an impr ve- 
ment in a multi-step gas-phase polymerization 
process, which gives a solution to the aforesaid 
technical problems and permits advantageous 
performance of multi-step gas-phase polymeri- 
zation of olefins both in operation and apparatus 
over conventional gas-phase polymerization 
processes. 

These investigations have led to the 
discovery that the aforesaid technical problems 
can be solved, and a further improved process 
for multi-step gas-phase polymerization of 
olefins can be provided, by carrying out the 
multi-step gas-phase polymerization of olefins 
under th& following three conditions (i), (ii) and - 
OH): 

(i) a dilution zone for diluting a feed flow from 
the first gas-phase polynierization zone which 
comprises a mixture of the polymer, catalyst, 
the olefin qas and hydrogen by feeding a. fresh 
supply of olefin gas thereto is provided In a feed 
passage for feeding said flow from the first gas- 
phase polymerization zone to the second gas- 
phase polymerization zone, 

(ii) a part of the gas phase in said feed flow 
diluted in the dilution zone is recycled to the 
first gas-phase polymerization zone, and the 
remainder is fed into the second gas-phase 
polymerization zone, and 

(lii) in the second gas^phase polymerization 
zone, the hydrogen to olefin mole ratio is main- 
tained lower than that in the first gas-phase 
polymerization zone. 

Furthermore, it has been found that by 
operating as above, the solid-gas ratio in the 
feed flow from the first gas-phase polymeriza- 
tion zone can be changed to the desired one by 
the diluting treatment performed in the dilution 
zone mentioned above. 

it Is an object of this Invention to provide an 
improved process for the multistep gas-phase 
polymerization of olefins which can overcome 
the various disadvantages of the conventional 
multistep gas-phase polymerization of olefins. 

The above and other objects ahd advantages 
of this invention will become more apparent 
from the following description. 

Needless to say, an optional step of 
polymerizing olefins may be provided before the 
gas-phase polymerization in the first step and/or 
after the gas-phase polymerization in the 
second step. If desired, such a dilution zone as 
mentioned above may be provided in each of 
such additional steps. 

The process of this invention can be con- 
veniently utilized In the polymerization of olefins 
using a transition metal catalyst paiticulariy a 
catalyst composed of a highly active transition 
metal component and an organometallic 
compound of a metal of Groups 1 to ill of the 
periodic table. Preferably, the process of this 
invention Is applied to the polymerization of 
olefins using a highly active catalyst capable of 
producing at least about 5,000 g, especially at 



least about 8,000 g, of an olefin polymer per 
millimole of transition m tal. 

The tran»tion metal component used as a 
catalyst component in the process of this 
5 Invention Is a compound of a transition metal 
such as titanium, vanadium, chromium and 
zirconium which may be liquid or solid under 
conditions of use. This component needs not t 
be a single compound, but may be supported 
10 on, or mixed with, another compound, or may 
be complexed with another compound. Suitable 
is a highly active transition metal component 
capable of producing at least about 5,000 g, 
especially at least about 8,000 g, of an olefin 
16 polymer per millimole of transition metal. A 
typical example is a highly active titanium 
catalyst component activated with a * mag- 
nesium compound. 

Preferred are highly active transition metal 
ao catalyst components consisting essentially of« 
titanium, magnesium and halogen. An exampi 
is a solid titanium catalyst component consist- 
ing of titanium, magnesium and halogen as 
essential ingredients and containing amorphous 
2S magnesium halide and having a specific surface 
area of preferably at least 40 mVg» especially 
preferably from 80 to 800 mVg- Such com-, 
ponents may contain an electron donor such as 
an organfc acicT ester, a silicate ester, arfacid 
30 halide, an acid anhydride, a ketone, an acid 
amide, a tertiary amine, an inorganic acid ester, 
a phosphoric ester, a phosphorous ester or an 
ether. Advantageously, such components 
contain 0.5 to 15% by weight, preferably 1 to 
35 8% by weight, of titanium, and have a 
titanium/magnesium atomic ratio of from 1/2 to 
1/100, especially from 1/3 to 1/50, a 
halogen/titanium atomic ratio of from 4 to 1 00, 
preferably from 6 to from 80, and an eiectron 
40 donor/titanium mole ratio of from 0 to 10, 
preferably from 0 to 6. A number of such 
catalyst components have been suggested and 
widely known. 

The organometallic compound, the other 
4S component constituting the catalyst. Is an 
organometallic compound containing a metal of 
Groups 1 to 111 of the periodic table bonded to a 
carbon, for example organic alkair metal 
compounds, organic alkaline earth metal 
so compounds, and organoalumlnum compounds. 
Specific examples include a I kyi lithiums, aryl- 
sodiums, alkylmagnesiums, arylmagnesiums, 
alkylmagnesium halides, arylmagnesium 
halides, alkylmagnesium hydrides, trialkyl- 
ss aluminums, dialkylaluminum monohalldes, 
alkylaluminum sesquihalides, alkylaluminum 
dlhalides, alkylaluminum hydrides, alkyl- 
aluminum alkoxides, alkyllithium aluminums, 
and mixtures thereof 
60 In addition to ^e above two catalyst 
components, there may also be used an electron 
donor c mponent such as an organic acid ester, 
a silicate ester, a carboxylic acid halide, a 
carboxylic acid amide, a tertiary amine, an acid 
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anhydride, an ether, a ketone, anald hyde or a 
halogenated hydrocarbon in order to adjust the 
stereoregulan'ty, molecular weight, molecular 
weight distribution, etc of the polymer. The 
electron donor catalyst component may be used 
after forming a complex compound (or an 
adduct) with the organometallic compound, or 
with another compound, for example a Lewis 
add such as aluminum trihalldes. 

The process of this invention is applicable to 
the polymerization of polymerizable olefins 
having 2 to 12 carbon atoms. Specific examples 
include ethylene, propylene, 1-butene, 1- 
pentene, 1-hexene, 1-octene, 1-decene, 4- 
methyl-1 -pentene, 3-methyl-1 -pentene, sty- 
rene, butadiene, isoprene, 1 ,4-hexadiene, di- 
cyclopentadiene, and 5-ethylidene-2-norbor- 
nene. One or more of these monomers may 
be chosen and homopolymerized or copoly- 
merized in the gaseous piiase. 

In performing the process of this invention, it 
is not necessary to produce a polymer of the 
same composition in the first and second zones. 
The process of the invention is preferably 
applied to the homopolymerization of ethylene 
or propylene, copolymerization of ethylene and 
another olefin, and copolymerization of 
propylene and another olefin. In an especially 
preferred embodiment, the process of the 
invention is applied to the homopolymerization 
or copolymerization of ethylene in which the 
adjustment of molecular weight distribution is 
desired. 

Gaseous-phase polymerisation in each of the 
polymerization zones may be carried out using a 
fluidized bed reactor, a stirred bed reactor, a 
stirred fluidized bed reactor, a tubular reactor, 
etc. The reaction temperature in each of the 
polymerization zone Is below the melting point 
of the olefin polymer, preferably at least 10^*0 
lower than the melting point, and from room 
temperature to 130^C, preferably from 40 to 
IIO^C. The polymerization pressure is, for 
example, from atmospheric pressure to 14.7 MPa. 
gauge (1 50 kg/cm^-G), preferably from 0.2 to 
6.9 MPa. gauge (2 to 70 kg/cm^^G). Hydrogen 
used in the polymerization is in amount of, for 
example, 0.001 to 20 moles, preferably 0.02 
to 10 moJes, per mole of the olefin. The reac- 
tion temperature and pressure may be different 
for the two polymerization zones. When the 
reaction pressure in the second polymeriza- 
tion zone is lower than that in the first zone, 
it is advantageous for feeding the polymer. But 
no special difficulty arises even when the 
pressure in the second zone is higher than 
that in the first zone. 

In the process of his invention, the amount of 
the catalyst is preferably such that per liter of 
the volume of a polymerization fluidized bed of 
each gas-phase polymerization zone, the 
transition metal compound is used in an am unt 
of 0.0005 to 1 mlllimoles, preferably 0.001 to- 
0.5 milllmoles, calculated as transiti n metal 
atom and the organometallic compound is used 



in an atomic ratio of the metal f the rgano- 
metallic compound to the transition metal of 
from 1 to 2,000, espedally from 1 to 500. The 
electron donor component is preferably used In 
5 an amount of O to 1 mole, particuiariy 0 to 0.5 
mole, per mole of the organometallic 
compound. 

Since the olefin polymer discharged from the 
first gas-phase polymerization zone contains 

lo olefin gas and hydrogen gas, it is diluted In the 
dilution zone with a fresh supply of olefin gas 
before it is fed into the second gas-phase 
polymerization zone. The olefin gas to be used 
in dilution is preferably an olefin which is 

16 commonly used In the first and second gas- 
phase polymerization zones. Accordingly, the 
polymers produced In the first and second gas- 
phase polymerization zones in the present 
invention should desirably have the same or 

20 very similar composition as or to the olefins 
constituting these polymers. For example, the 
polymerization process is preferably comprised 
of the polymerization in the first zone, dilution in 
the dilution zone and the polymerization in the 

25 second zone in this order in the following 
combinations: (A) polymerization of ethylene . . . 
dilution with ethylene . . . polymerization of 
ethylene, (B) polymerization of ethylene . . - 
dilution with ethylene . , . copolymerization of 

20 ethylene with another olefin (production of a 
copolymer consisting of ethylene as a main 
component), or (C) copolymerization of ethylene 
with another olefin .. . dilution with ethylene or 
a mixture of ethylene with the other olefin . . . 

35 copolymerization of ethylene with the other 
olefin. 

The degree of dilution with the olefin in the 
dilution zone can be varied depending upon the 
extents of polymerization in the first and second 

40 polymerization zones, the ratio of hydrogen 
used in the first and second zones, or the 
amount of gases in the feed flow from the first 
gas-phase polymerization zone. Preferably, the 
amount of the olefin gas freshly supplied to the 

^ diluting zone is 1.5 to 200 times, more 
preferably 3 to 50 times, the volume of the gas 
phase in the feed flow from the first gas-phase 
polymerization zone. 

A part of the gas phase in the diluted feed 

so flow, after removing the entrained olefinic 
polymer as much as possible through a cyclone, 
etc.. is recycled to the first gas-phase 
polymerization zone by elevating the pressure, 
etc. The remainder is fed to the second gas- 

ss phase polymerization zone. 

Since the remainder of the feed flow has a 
reduced proportion of hydrogen as a result of 
dilution with the fresh supply of olefin gas as 
compared with that in the first gas-phase 

60 polymerization zone, even when the second 
polymerization zone is maintained at the same 
or lower pressure as or than the first zone, the 
hydrogen to lefin mole ratio can be adjusted 
easily to a lower value than in the first 

65 polymerization zone. In particular, when the 
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second gas>phase polymerization zone is 
operated at a lower pressure than the first gas- 
phase polymerization zone, the supply of the 
remainder of the feed flow mentioned above to 
the second gas-phase polymerization zone can 
be effected simply by the difference in pressure, 
thus obviating the technically difficult problem 
of elevating the pressure of the solid-gas 
mixture during the transportation. 

In the first gas-phase polymerization zone in 
this invention, the hydrogen to olefin ratio is 
made higher than in the second gas-phase 
polymerization zone, and an olefin polymer 
having a low molecular weight Is produced. To 
produce a low-molecular-weight polymer, the 
polymerization should be carried out in the 
presence of a large amount of hydrogen and 
under a low partial pressure of olefin. Although 
under these conditions the rate of polymeriza- 
tion becomes relatively low, since the highly 
active transition metal catalyst is characterized 
by having an especially high activity atthe eariy 
stage of polymerization, the production in the 
first place of the low-molecular-weight polymer 
using such a highly active transition metal 
catalyst permits a decrease in the reaction 
volume and makes It easy to remove the. heat of 
polymerization, thus leading to the easy and 
advantageous performance of the process of 
this invention. 

In the process of this Invention, the. hydrogen 
to olefin mote ratio In the second gas^phase 
polymerization zone is maintained lower than 
that in the first gas-phase polymerization zone. 
Preferably, the hydrogen to olefin mole ratio in 
the second gas-phase polymerization zone is. 
0.001 to 0.7 times that in the first zone. 

In the second gas-phase polymerization zone, 
an olefin, can be polymerized in the gas phase 
using the same apparatus and method as 
described above with regard to the first gas- 
phase polymerization zone. Without the need to 
feed a fresh supply of the transition metal 
catalyst component, sufficient catalytic activity 
can be maintained only by the transition metal 
catalyst component contained in the olefin 
polymer. If desired, the transition metal 
component may be additionally fed. Preferably, 
the organometalHc compound is added freshly 
at this stage because it frequentiy results in 
increased catalytic activity. The electron donor 
component may also be added freshly. Even 
when these additional amounts of the catalyst 
components are used, the total amount of the 
catalyst components and the ratio of these 
components should preferably be within the 
ranges already described hereinabove. The 
polymerization of the olefin in the second zone 
may be carried out using only the olefin fed to 
the second zone together with the remainder of 
the feed flow. Since the amount of such an 
olefin is usually small. It is preferred to supply 
the olefin freshly to the second step.. The 
p lymerization conditions may be the same as 
in th first zone except that the hydrogen to 



olefin mole ratio is lower than that in the first 
zone, and the polymerization pressure is 
preferably lower than in the first step. 

The ratio of polymerization in the first zone 

5 and that in the second zone Is optional. 
Preferably, in terms of the weight of the polymer 
formed, the ratio is from 20:80 to 80:20, 
preferably from 35:65 to 65:35. 

According to this invention, an olefin polymer 

10 compo^tion having a desired molecular weight 
distribution can be advantageously produced on 
an industrial scale. 

The following Examples and Comparative 
Examples illustrate the present invention mor 

IS spedfically. 

Bcamples 1 to 5 and . 
Comparative Examples 1 and 2 
Rgure 1 of the accompanying drawing is a 
20 schematic flow diagram of two-step gas-phase 
polymerization of ethylene. In the drawing, A 
represents a first-step gas-phase polymeriza- 
tion vessel; B, a second-step gas-phase poly- 
merization vessel; and C, a dilution mixing tank 

25 for adding a fresh supply of ethylene gas to the 
olefin polymer discharged from the first-step 
vessel A which contained gaseous olefin and 
hydrogen thereby to dilute it« In the present 
Examples, ethylene in an amount correspond- 

30 ing to the total amount of ethylene consumed in 
the polymerization in the first step was fed into 
the device C to dilute hydrogen in the gas dis- 
charged from the first-step polymerization 
vessel. The gas containing hydrogen diluted 

3ff with ethylene was passed from the device C 
through line 7 and fed to a circulating gas line of 
the first-step gas-phase polymerization zone 
using a pressure-raising device F. A stirrer 
rotated at a low speed was provided within the 

^ device C so as to prevent agglomeration of poly- 
ethylene powder which may form by 
polymerization within the device C. The 
polyethylene powder discharged from the 
device C through line 8 and containing ethylene 

^ gas was fed into the second gas-phas 
polymerization vessel B and subsequently, th 
second-step gas-phase polymerization was 
carried out. 

In the drawing, D and E represent heat 

^ exchangers used for cooling the gas circulated 
in the first and second gas-phase polymeriza- 
tion zones, and G and H represent blowers for 
drculating the gas. 

Using the above apparatus, polyethylen 

ss having a very broad molecular weight distribu- 
tion was produced in the following manner by 
forming polyethylene having a high Ml in the 
first step polymerization vessel, and poly- 
ethylene having a low Ml in the second-step 

®o polymerization vessel. 

[Preparation of a catalyst] 

In a stream of nitrogen, 476 g of anhydrous 
magnesium chloride, 1.5 liters of decane, 1.81 
ss liters of 2-ethylhexyl alcohol and 84 ml oif ethyl 
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benzoat were charg d into a catalyst 
synthesizing device, and reacted at 140**C for 3 
hours. The reaction mixture was then cooled to 
room temperature. 

The resulting solution was charged into 20 
liters of titanium tetrachloride kept at — 20°C. 
and the mixture was maintained at this 
temperature for 30 minutes. It was then heated 
to 80®C over 3 hours, and 220 liters of ethyl 
benzoate was added. The reaction was then car- 
ried out at this temperature for 2 hours. The 
resulting solid portion was separated by filtra- 
tion, again suspended in 20 liters of titanium 
tetrachloride and reacted at 90°C for 2 hours. 
The solid was separated by filtration, then 
repeatedly washed, and suspended in butane. 
The catalyst had an average particle diameter of 
1 8 /xm, and a very narrow particle size 
distribution. 

[Two-step gas-phase polymerization] 

The catalyst suspended in a small amount of 
butane, and trietfiyl aluminum were con- 
tinuously fed through line 1 into the first-step 
gas-phase polymerization vessel A having a* 
diameter of 40 cm and a volume of 400 liters as 
shown in Figure 1 at a rate of 1 mmoieAir 
calculated as Ti atom and 40 mmoles/hr. In the 
meantime; ethylene was fed at a rate of 
10,6kg/hr (corresponding to the amount 
consumed In the polymerization In the first-step 
gas-phase polymerization vessel) through line 9, 
and fed into the first^step polymerization vessel 
through circulating gas lines 4 and 5 via line 7 
and pressure-raising device F. Hydrogen was 
fed through line 2 so that the Hi/ethylene mole 
ratio in the reactor was maintained at 4. 

In the first-step polymerization vessel, the 
polymerization pressure was 2.5 MPa. gauge 
(25 kg/cm^-G), the polymerization temperature 
was 80® C, the residence time was 2 hours, and 
the linear velocity of the gas in the poly- 
merization vessel was maintained at 25 cnVsec. 
in order to maintain a well fiuidtzed state in the 
gas-phase polymerization vessel. Under these 
conditions, polyethylene powder having an Ml 
of 370, a density of 0.975 g/cm^ and a bulk 



d nsity of 0.41 g/cm^ was continuously dis- 
charged at a rate of 10.2kg^r. Simul- 
taneously, the gas corresponding to 1 00 Nl of 
hydrogen and 401 Nl of ethylene was dis- 
6 charged from the first-step gas-phase 
polymerization vessel into the device C main- 
tained at a pressure of 2 MPa. gauge 
(20kg/cm^'G) and a temperature of about 
50*'C. In the device C, the ethylene gas contain- 
10 ing hydrogen was diluted to about 10 times 
with the ethylene gas fed from line 9. A greater 
portion of hydrogen was returned to the first- 
step polymerization vessel through line 7. The 
gas containing hydrogen diluted with ethylene 
16 gas in the device C was fed into the second-step 
gas-phase polymerization vessel B with the 
polyethylene powder through line 8 by a dif- 
ference In pressure. The amount of ethylene gas 
fed Into the second gas-phase polymerization* 
20 vessel together with 1 0.2 kg/hr of the poly- 
methylene powder was 308 Nl/hr, and the 
amount of hydrogen likewise fed into the 
second-step polymerization vessel was 9 NlAir. 
In the second-step polymerization vessel, the 
25 polymerization pressure was 1 .5 MPa. gauge 
(15kg/cm^-G), the polymerization temperature 
was 80*'C, the residence time was 1 hour, and 
the linear velocity of the circulating gas through 
lines 10 and 1 1 was maintained at 25 cm/sec. 
30 Ethylene was fed at a rate of 1 0.5 kg^^ into the 
second-stage polymerization vessel through line 
13, and hydrogen was fed into the second 
polymerization vessel through line 15 so that 
the mole ratio of Hj/ethylene was maintained at 
36 0.15. 

From the second-step polymerization vessel, 
polyethylene having a very broad molecular 
weight distribution, an Ml of 0.18, a density of 
0.963 g/cm^ a bulk density of 0.39 g/cm' and a 
40 M^Mp^ of 22.9 was discharged at a rate of 
20.5 kg/hr through line 1 2. 

The above procedure was repeated under 
different gas-phase polymerization conditions. 
For comparison, the gas-phase polymerization 
45 was carried out continuously In a single step 
using the catalyst used in Example 1, The 
results are shown in Table 1. 
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Conditions 1 


Pressure 
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(20) 2 
(20) 2 * , 

(17) 1.7 
(14) 1.4. 
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First-step gas-phase polymerization conditions 
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comonomer 


propylene 

butene-1 

4-methyl- 
pentene-1 

butene-1 
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ethylene 

mole 
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CO 
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ethylene 
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4.0 
4.0 
1.5 
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Pressure 
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MPa. 
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(28) 2.8 
(21) 2.1 
(16) 1.6 
(10) 1 
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(20) 2 
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Claims 

1. A process for polymerizing olefins in the 
gaseous phase In a first gas-phase polymeriza- 
tion zone and a second gas-phase polymeriza- 
tion zone« which are provided independentiy 
from each other, in the presence of a catalyst 
composed of a transition metal catalyst 
component and an organometallic compound of 
a metal of Groups 1 to 111 of the periodic table 
and In the co-presence of hydrogen gas while 
feeding the catalyst-containing polymer formed 
in the first zone to the second zone; 
characterised by 

(i) providing In a feed passage for feeding a 
feed flow, which feed flow comprises a mixture 
of polymer, catalyst, olefin gas and hydrogen 
gas, from the first gas-phase polymerization 
zone to the second gas-phase polymerization 
zone a dilution zone for diluting said feed flow 
with a fresh supply of olefin gas. 

(il) recycling a part of the* gas phase in said 
feed flow diluted In the dilution zone to thd first 
gas-phase polymerization zone, and feeding the 
remainder Into the second gas-phase polymeri- 
zation zone, and 

(ill) maintaining in the second gas-phase 
polymerization zone a hydrogen to olefin mole 
ratio lower than that in the first gas-phase 
polymerization zone. 

2. A process according to claim 1 wherein 
the amount of the olefin gas freshly supplied to 
the dilution zone is such as to dilute the gas 
phase in the polymer feed flow from the first 
gas-phase polymerization zone to 1.5 to 200 
times Its volume. 

3. A proccess according to claim 1 or 2 
wherein the amount of the hydrogen gas In the 
first gas-phase polymerization zone and the 
second gas-phase polymerization zone is 0.001 
to 20 moles per mole of the olefin. 

4. A process according to claim 1, 2 or 3 
wherein the multi-step gas-phase polymeriza- 
tion Is cam'ed out at a temperature of from room 
temperature to 130°C and a pressure of from 
atmospheric pressure to 14.7 MPa. gauge 
(150 kg/cm*.G). 

5. A process according to any one of the 
preceding claims wherein the hydrogen to olefin 
mole ratio in the second gas-phase polymeriza- 
tion zone is 0.001 to 0.7 times that In the first 
gas-phase polymerization zone. 

6. A process according to any one of the 
preceding claims wherein the catalyst is 
composed of a transition metal catalyst 
component consisting essentially of titanium, 
magnesium and halogen and an organo- 
aluminum compound. 

7. A process according to any one of the 
preceding claims wherein per liter of the volume 
of the fluidized bed of each gas-phase 
polymerization zone, the amount of the 
transition metal catalyst component is 0.0005 to 
1 miltimoie as transition metal atom, and the 
amount of the organometallic compound Is such 



that the atomic ratio of th metal of the organo- 
metallic compound to the transition metal is 
from 1:1 to 2,000:1- 

5 PatentansprOche 

1. Verfahren zum Polymerisieren von Ole- 
finen In der Gasphase In einer ersten Gas- 
phasen-Polymerisationszone und einer zweiten 

to Gasphasen-Polymerisatlonszone, die - unab- 
hSngig voneinander angeordnet sind. In Gegen- 
wart eines Kata^ysators, zusammengesetzt 
aus einer Obergangsmetall-Katalysatorkompo- 
nente und einer metallorganlschen Verbin- 

is dung eines Metalls der Gruppen I bis 111 d s 
Periodensystems und in gleichzeitiger Gegen- 
wart von Wasserstoffgas, unter Einspeis n 
des in der ersten Zone entstandenen, kataly- 
satorhaltigen Polymeren In die zwelte Zone, 

20 dadurch gekennzeichnet, daS 

(i) in einer Materiaileltung, in der ein Gemlscti 
aus Polymer, Katalysator, Olefingas und 
Wasserstoffgas von der ersten Gasphasen- 
Polymerisationszone zur zweiten Gasphasen- 

25 Polymerisationszone stromt, eine Verdunhungs- 
zone vorgesehen 1st, um den Materialstrom 
mit einer frischen ^fuhr von Olefingas zur 
verdunnen, 

(li) ein Teil der Gasphase in dem IVIaterial- 
30- Strom, der in der Verdunnungszone verdunnt 
wird. In die erste- Gasphasen-Polymerlsations- 
zone zuruclcgef uhrt und der Rest in die zwelte 
Gasphasen-Polymerisatlonszone emgespeist wind 
und 

35 (iii) in der zweiten Gasphasen-Poly- 

merisatlonszone ein niedrigeres Molverhaitnis 
von Wasserstoff zu Olefin eingehalten wIrd, als 
in der ersten Gasphasen-Polymerisatlonszone. 

2. Verfahren nach Anspruch 1 , bei dem in dl 
40 Verdunnungszone soviel frisches Olefingas 

zugefuhrt wIrd, dali die Gasphase in dem 
Polymer-Materialstrom aus der ersten Gas- 
phasen-Polymerisatlonszone auf das 1,5- bis 
200-fache ihres Volumens verdunnt wird. 

45 3. Verfahren nach Anspruch 1 oder 2, bei 
dem die Menge Wasserstoffgas in der ersten 
Gasphasen-Polymerisationszone und in der 
zweiten Gasphasen-Polymerisationszone 0,001 
bis 20 Mol je Mol plefin betrggt. 

so 4. Verfahren nach Anspruch 1 , 2 oder 3, bei 

dem die mehrstufige Gasphasen-Polymerisa- 
tion bei einer Temperatur von Raumtemperatur 
bis 130°C und bei einem Drucic von Atmos- 
pharendruck ^ bis 14,7 MPa Uberdruck 

55 (150 kg/cm* Oberdruck) durchgefuhrt wIrd. 

5. Verfahren nach eInem der vorangehenden 
Anspruche, bei dem das f\/lolverhaItnls von 
Wasserstoff zu Olefin in der zweiten 

~ ~ Gasphasen-Polymerisationszone das 0,001- bis 
60 0,7-fache des entsprechenden Molverhalt- 
nisses in der ersten Gasphasen-Polymerisa- 
tionszone ausmacht 

6, Verfahren nach ein m der vorangehenden 
Anspruche, bei dem der Katalysator zusam me n- 

65* gesetzt ist aus einer Obergangsmetall-Kataly- 
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satorkomponente, bestehend im wesentlichen 
aus Titan, iVIagnesium und Halogen, und aus 
einer alunninlumorganischen Verbindung. 

7. Verfahren nach einem der vorangehenden 
Anspruche, bei dem ]e Liter des Vol u mens der 
Wirtielschicht in jeder Gasphasen-Poly- 
merisationszone die Menge der Obergangs- 
Katalysatorkomponente 0,0005 bis 1 mMol, als 
Obergangsmetailatom, betrSgt und die IVIenge 
der metallorganischen Verbindung so ist. daS 
das Atomverhaitnis von Metall der metall- 
organischen Verbindung zu dem Obergangs- 
metall 1:1 bis 2000:1 betragt. 

Revendications 

1. Proc6d6 de polymerisation d'ol6fines en 
pliase gazeuse dans une premidre zone de poly- 
merisation en phase gazeuse et une seconde 
zone de polymerisation en phase gazeuse, qui 
sont instances Independamment Tune de 
l'autre> en presence d'un catalyseur compre- 
nant un composant catalytique de mdtai de 
transition et un compose organometailique 
d'un metal des Groupes I a HI de la classifica- 
tion Periodique et en presence simultanee 
d'hydrogene gazeux pendant qu'on transfdre ^ 
ia seconde zone le polymdre contenant le 
catalyseur forme dans la premidre zone; carac- 
terise en ce que 

(i) on etabiit dans un passage d'alimentation 
pour foumir un courant d'alimentation, courant 
qui comprend un melange du polymdre, du 
catalyseur, de I'oiefine gazeuse et de 
rhydrogene gazeux, d partir de la premiere zone 
de polymerisation en phase gazeuse vers une 
seconde zone de polymerisation en phase 
gazeuse, une zone de dilution pour diluer ledit 
courant d'alimentation avec une quantite 
fratche d'oiefine gazeuse, 

(ii) on recycle une partie de la phase gazeuse 
dans ledit courant d'alimentation dilue dans la 
zone de dilution vers la premiere zone de poly- 
merisation en phase gazeuse et on amdne le 
restant dans la seconde zone de polymerisation 
en phase gazeuse, et 

(iii) on mainttent dans la seconde zone de 



polymerisati n en phase gaz use un rapport 
molaire de I'hydrogene d I'oiefine inferieur d 
celui existant dans la premiere zone de poly- 
merisation en phase gazeuse. 

5 2. Procede seion ia revendication 1, dans 
lequel la quantite d'oiefine gazeuse nouvelle- 
ment fournie d ia zone de dilution est telle, 
qu'elle peut diluer ia phase gazeuse dans le 
courant d'alimentation du polymere provenant 

to de la premiere zone de polymerisation en phase 
gazeuse, de 1,5 d 200 fois son volume. 

3. Precede selon les revendications 1 ou 2, 
dans lequel la quantite d'hydrogene gazeux 
dans ta premiere zone de polymerisation en 

fs phase gazeuse et dans la seconde zone de 
polymerisation en phase gazeuse est de 0,001 d 
20 moles par mole d'oiefine. 

4. Precede selon les revendications 1, 2 ou 3, 
dans lequel on effectue la polymerisation en 

20 plusieurs etapes en phase gazeuse d une 
temperature comprise entre la temperature 
ambiante et 130**C, et une pression mano- 
metrique comprise entre la pression atmos- 
pherique et 14,7 MPa (1 50 l^g^cm^). 

2S 5. Precede selon Tune quelconque des 
revendications precedentes, dans lequel le 
rapport molaire de I'hydrogdne d I'oiefine dans 
la seconde zone de polymerisation en phase 
gazeuse est de 0,001 S 0,7 fois celui dans la 

30 premiere zone de polymerisation en phase 
gazeuse. 

6. Precede selon Tune quelconque des 
revendications precedentes, dans lequel le 
catalyseur comprend un composant catalytique 

35 de metat de transition consistant essentlelle- 
ment en titane, magnesium et un halogdne et 
un compose d'organoaluminium. 

7. Precede selon Tune quelconque des 
revendications precedentes, dans lequel par litre 

40 du volume du lit fluidise de cheque zone de 
polymerisation en phase gazeuse, la quantite du 
compose catalytique de metal de transition est 
de 0,0005 i 1 miillmole exprimee en atome de 
metal de transition, et la quantite du compose 

4S organometailique est telle, que le rapport 
atomique du compose organometailique au 
metal de transition est de 1:1 d 2000:1. 



so 
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